A b s t r a c t We analyze the conditions that make possible the description of entropy generation in the new inflationary model by means of a nearequilibrium process. We show that there are situations in which the bulk viscosity cannot describe particle production during the coherent field oscillations phase.
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Some time ago some authors314 suggestec! that particle creation during or near the Planck era could be modeled classically by a bulk viscosity stress n. More recently ~a r r o w~ introduced this idea in the context of the inflationary models. In fact,, he was mainly interested in showing that when the strong energy condition is violated the "cosmic no hair n theorem fails. Working with a model first obtained by Murphy 6 , in which the bulk viscosity coefficient is proportional to the energy density, he exhibited an exact solution of the Einstein equations that goes smoothly from an initial de Sitter phase to the Friedmann one. This is just what one would like to have occurring during the CFOP of the new inflationary models. So it is natural to ask if one can phenomenologically describe the particle production in this phase by a bulk viscosity.
It is well known that in an expanding Universe the effect of bulk viscosity is to diminish the effective pressure. It could in principle, simulate an equation of state of the form p ,~ = -p, where p ,~ = p + r, p is the energy density and p the thermodynarnic pressure. So, it can drive an exponential inflation 7 . The bulk viscosity generates entropy also. In fact, it can be shown, in a thermodynamical setting, that in a spatially isotropic and homogeneous Universe the entropy production is non-vanishing if and only if the bulk viscosity is non-null.
In this paper, we analyze the conditions which allow one to describe the entropy production during the CFOP by a near-equilibrium process. To this end, we estimate the ratio J ã J l p . If Jnllp is greater than one, T will be large enough to generate inflation during the CFOP, disturbing the expected evolution in the passage from the de Sitter stage to the Friedmann one. Only the models with Irl/p << 1 can, in principle, use the bulk viscosity to describe deflation. Now, in a Friedmann-Robertson-Walker (FRW) background, by using the energy conçervation law
where H is the Hubble parameter and the Gibbs law,
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where R is the xale factor of the Robertson-Walker metric, S is the total entropy and T is the temperature, we obtain the relation between the bulk viscosity and the entr0p.y production where the overdot denotes time differentiation.
From non-equilibrium first-order thermodynamics 8 , we know that
where is the bulk viscosity coefficient which is positive. So in an expanding
Universe ' IT is negative.
From the Einstein equation
where mpi N 1.2 x 10" GeV is the Planck mass, we see that if O 5 p < p, then to attain generalized inflation k 2 O ) it is sufficient for the absolute value of the bulk viscosity to be of the same order or greater than p.
From the hypothesis that the radiation entropy observed today was produced only in the inflationary period, the average entropy variation during the CFOP is given by
where I ' -' is the mean lifetime of the inflaton field, Trh is the final reheating temperature and Rrh the corresponding radius of the Universe.
We are considering a scalar field (inflaton field) 4, whose Lagrangian density is given by Without invalidating the estimate we intend to do, we shall approximate the total energy density (p), by the coherent field energy density (pd) In fact, the radiation energy density (prad) is negligible at the the beginning of the CFOP and is of the same order of p+ at the end. So, at most, we will make an error by a factor of two. Then, in our approximation, the total energy density is given by where R* is the radius of the Universe at the beginning of the CFOP and M 2 1014
GeV is the symmetry~breaking energy scale. By using eq. (9) and that at the end of the CFOP the energy density is p T : , we obtain
We are now ready to estimate the ratio Iãllp. By using eqs. (3), ( 5 ) , (9) case is that of a massive scalar field with m 2 = V" (4 = O). In this case n = 2 , 7 = 1 and the coherent field behaves likes incoherent (dust) matter: < p >= (7-l)p = 0 , p cx R -~ and R cx t2I3.
Return now to eq. (11) and consider first the case when the scalar field decays faster than the characteristic expansion time, that is, H << r (good reheating).
It is easy to see that at the end of the CFOP we have Inl/p " r / H >> 1. In this situation the maximum temperature coincides with the reheating temperature and although I./rllp is small at the beginning of the CFOP, this ratio increases fast and becomes much greater than one. So, there would not occur deflation. Furthermore, the dominant energy condition would be violated, turning the picture physically inviable.
In the poor reheating case (r << H), the bulk viscosity does not need to increase as much. So, in this case, the problems observed in the good reheating case would not appear.
In conclusion, we have analyzed under which conditions we can phenomenologically describe the particle production during the CFOP of the new inflationary model by a near-equilibriurn process.
Oiir analysis was performed by estimating the magnitude of the bulk viscosity necessary to generate the radiation entropy in the CFOP. In the good reheating case, we showed that the bulk viscosity should be so huge that would disturb the passage from the de Sitter to the Friedmann model. In this case, it is not possible to describe deflation using the bulk viscosity.
In the poor reheating case, it is possible, in prindple, to describe deflation using the bulk viscosity, since its value will be much smaller than the total energy density during the CFOP.
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